ABSTRACT Two experiments were conducted to evaluate the use of distillers dried grains with solubles (DDGS) from modern ethanol plants in broiler diets. Experiment 1 was a 2 × 2 factorial experiment with diets containing 2 levels of DDGS (0 and 15%) and 2 diet densities (high and low). The high-and low-density diets were formulated to contain 22% CP and 3,050 kcal ME n /kg and 20% CP and 3,000 kcal ME n /kg, respectively. Eight pens of 6 chicks were fed an experimental diet from 0 to 18 d of age. Weight gain and feed efficiency (gain:feed ratio) of the chicks receiving the high-density diets were (P < 0.05) better than those of chicks fed the low-density diets. However, within the 2 density levels there was no
INTRODUCTION
Historically, distillers dried grains with solubles (DDGS) has been a by-product of the beverage industry, for the most part, with several different grains used in the fermentation process. In the late 1930s, feed producers began to incorporate DDGS into livestock rations, but before this, it was a by-product with limited value (Scott, 1970) . The beverage industry was not the only source of DDGS; ethanol plants also produced this ingredient. Recently, ethanol production has been encouraged in the United States, as ethanol is cleaner burning, provides more energy than petroleum, and is a partially renewable resource. Ethanol producers responded to this emphasis in the mid to late 1990s by building new plants. The DDGS from these plants is largely from corn fermentation and undergoes a supposedly gentler drying process than DDGS produced by the beverage industry, both of which may allow "new generation" DDGS to be a more valuable ingredient than before.
The production of DDGS has continued to increase and it is predicted that by 2005, there will be approximately 5.5 to 7 million metric tons available to feed producers (Shurson, 2003) . Distillers dried grains with solubles have been 2004 Poultry Science Association, Inc. Received for publication December 18, 2003 . Accepted for publication July 12, 2004. 1 To whom correspondence should be addressed: batal@uga.edu. 1891 difference in performance of chicks fed diets with 0 or 15% DDGS. In experiment 2, 6 replications of 50 chicks were fed 1 of 4 dietary treatments for 42 d. The diets were formulated to be isocaloric and isonitrogenous and contained 0, 6, 12, or 18% DDGS. There was no significant difference in performance or carcass yield throughout the 42 d experiment except for a depression in BW gain and feed conversion when chicks were fed diets with 18% DDGS in the starter period. These studies indicate that DDGS from modern ethanol plants is an acceptable feed ingredient for broiler diets and can be safely used at 6% in the starter period and 12 to 15% in the grower and finisher periods. used in commercial poultry diets at a level of 5% or less for many years. Incorporation of DDGS at higher levels may provide an additional outlet for the increasing amounts available (Noll et al., 2001) . Researchers have observed positive results when DDGS was incorporated in broiler diets. Day et al. (1972) observed an increase in weight gain when broilers were fed diets containing low levels of DDGS (2.5 and 5%). Insko et al. (1937) suggested that "distillery slop", that is, DDGS before it undergoes drying, could replace 80% of corn in a standard poultry diet. Other researchers have concluded that up to 25% DDGS can be incorporated in broiler diets if dietary energy is held constant (Waldroup et al., 1981) . However, it is presumed that most of the DDGS used in these studies came from the beverage industry and DDGS from modern ethanol plants may differ in nutrient composition. As very little research has been published pertaining to the use of DDGS from modern ethanol plants, and limited nutritional information is available, our objective was to evaluate the use of this new generation DDGS in broiler diets.
MATERIALS AND METHODS

General Procedures
Two experiments were performed to test the level at which DDGS from modern ethanol plants could be success- fully incorporated into broiler diets. The DDGS used in the experiments was completely derived from corn and came from an ethanol plant in Aurora, Nebraska, which was built in the early 1990s. The sample had a golden yellow color, a coarse appearance, and a distinctively sweet smell. The diets for both experiments were formulated on a total amino acid basis using the Brill least cost feed formulation program.
2 The nutrient levels of DDGS used for the diet were estimated based on previous analysis of various samples (N. M. Dale and A. B. Batal, 2003, unpublished data) and book values (Table 1 ). Lysine and methionine were supplemented to the diets as needed to maintain consistent amino acid levels between experimental diets.
The DDGS used in both studies underwent proximate analysis; 3 TME n and true amino acid digestibility were determined by the procedure described by Sibbald (1976 Sibbald ( , 1979 . Ten conventional and cecectomized Single Comb White Leghorn roosters were fasted for 24 h and then crop intubated with 30 g of the DDGS sample for determination of TME n and true amino acid digestibility, respectively. Feces were collected for a 48-h period, dried, and weighed. The dried samples were then ground and sent for analysis ( replications per treatment of 6 chicks and fed 1 of 4 dietary treatments ad libitum from 0 to 18 d of age. A 2 × 2 factorial experiment was used, with 2 high-density diets containing 0 or 15% DDGS and 2 low-density diets containing 0 or 15% DDGS ( Table 2 ). The high-density diets were formulated to contain 22% CP and 3,050 kcal ME n /kg and the low-density diets contained 20% CP and 3,000 kcal ME n /kg. The purpose for including the low-density diet was to allow for the evaluation of DDGS under limiting nutritional conditions. Weight gain and feed efficiency (gain:feed) were determined for each pen at 7, 14, and 18 d of age.
Experiment 2
Experiment 1 provided an indication that 15% DDGS could be used in practical starter diets. The objective of experiment 2 was to examine the effects of DDGS on broiler performance and carcass yield through market weight. Graded levels of DDGS up to and exceeding 15% were evaluated in a 42-d broiler growth study. Six replications per treatment of 50 straight run Cobb × Cobb-500 chicks per pen were housed in a curtain side building. The house had litter floors and the pens were separated by wire mesh to create 2.4 × 3.7 m (8 × 12 ft) pens. Each pen contained 2 bell waterers and 2 galvanized steel feeders. Feed and water were provided ad libitum throughout the study. Four experimental diets containing 0, 6, 12, and 18% DDGS were formulated for the starter (0 to 16 d), grower (17 to 31 d), and finisher (32 to 42 d) periods (Table 3) . Diets were formulated to be isonitrogenous and isocaloric with constant lysine and methionine levels for each treatment within each of the 3 periods. The same parameters as in the preliminary experiment (weight gain, feed intake, and feed efficiency) were examined in experiment 2, these parameters being measured at 16, 31, and 42 d of age. To investigate a possible effect of DDGS on processing characteristics, 10 birds (5 females and 5 males) from each pen were randomly selected for processing at 42 d of age. Feed was removed 10 h before processing. After processing, carcasses were chilled for 12 h and yield was determined for breast, wings, and front and back halves. The entire carcass was weighed and the back half, comprising the leg quarters joined to the lower back, was removed, leaving the white meat front half. Both wings and the pectoralis major and minor were removed from the front half.
Statistical Analysis
Data from both experiments were subjected to ANOVA procedure for completely randomized design (Steel and Torrie, 1980) using the GLM procedures of SAS (SAS Institute, 1990 ). Statistical significance of differences among treatments was assessed using the least significant difference test (Steel and Torrie, 1980) . Data from experiment 1 were analyzed by ANOVA to determine significance of main effects (density and DDGS) and interactions (density × DDGS). A probability level of P < 0.05 was used to determine statistical significance. 
RESULTS
Experiment 1
There was no difference in the weight gains of chicks fed the high-and low-density diets containing either 0 or 15% DDGS at 7 d of age (Table 4) . At 14 and 18 d of age, differences in weight gain were observed between the highand low-density diets. Body weight gain of chicks receiving the high-density diets was significantly better than chicks fed the low-density diets. However, within each diet density, there was no difference in the weight gain of chicks fed diets containing either 0 or 15% DDGS.
No differences in feed intake between chicks fed the high-or low-density diets or the 0 or 15% levels of DDGS were observed. At 7 d of age there was a significant difference in feed efficiency (gain:feed) between all 4 of the dietary treatments, with the lowest feed efficiency observed when chicks were fed the low-density diet with 15% DDGS (Table 4) . There was no difference in feed efficiency at 14 d of age when the chicks were fed the high-density diet with 0 or 15% DDGS. However, chicks fed the low-density diet with 15% DDGS had reduced feed efficiency compared with chicks fed the low-density diet with 0% DDGS or the high-density diets. At 18 d of age, feed efficiencies of chicks fed the high-density diets were improved over chicks fed the low-density diets, but within each diet density there was no difference in feed efficiency between chicks fed 0 or 15% DDGS (Table 4 ). This indicates that the nutrient 5 Minolta CR300 colorimeter, Minolta Corporation, Ramsey, NJ. matrix used for DDGS was reasonable. No interactions between density × DDGS were observed.
Experiment 2
The inclusion of 18% DDGS in the diet depressed chick weight gain during the starter (0 to 16 d) period (Table 5) . There was also a slight numerical decrease in weight gain with 12% DDGS. During the grower and finisher periods there was no difference in weight gain between any of the dietary treatments. However, the overall weight gain (42 d) for chicks fed diets with 18% DDGS was depressed, principally due to the reduced gain during the starter period.
No differences in feed intake were observed between any of the dietary treatments throughout the experiment. Feed efficiency (gain:feed) was depressed during the starter period when chicks were fed diets with 18% DDGS and there was a numerical decrease in feed efficiency due to the inclusion of 12% DDGS (Table 5 ). No differences in feed efficiency were observed between any of the dietary treatments during the grower and finisher period or throughout the 42-d experiment. Feeding 0, 6, 12, or 18% DDGS to broiler chicks had no effect on carcass yield when observing the selected carcass parts: front and back halves (white and dark meat areas), wings, and breasts (Table 6 ).
The color of the DDGS was quantified with a Minolta colorimeter 5 and had recorded values of L* (white and black) = 58.52, a* (red and green) = 6.38, b* (yellow and blue) = 20.48. Cromwell et al. (1993) reported that darker DDGS samples tend to have lower amino acid concentrations. Testing the color of our DDGS sample will allow for future comparisons with other DDGS samples. 
DISCUSSION
Based on the BW gain and feed efficiencies from experiment 1, it could be concluded that 15% DDGS may be used safely in commercial (high-density) diets. However, the lower feed efficiency (gain:feed) observed during the first 7 d and the numeric reduction thereafter suggest that an inclusion level of 15% DDGS may be excessive during the Means within a column and section with no common superscript differ significantly (P < 0.05).
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Means represent 8 pens per treatment, 6 chicks per pen.
starter period. These assumptions were confirmed by the results of experiment 2, in which 12 and 18% DDGS depressed chick performance during the starter period. Soybean protein is known to have a more favorable amino acid pattern for chick growth than corn. When 18% DDGS was incorporated into the diet, the percentage protein of corn origin doubled (4.6 to 8.6%), whereas the percentage protein from soybean meal (SBM) decreased. It is Means within a column with no common superscript differ significantly (P < 0.05).
Means represent 6 pens per treatment, 50 chicks per pen.
believed that at 18% DDGS, the high level of dietary protein of corn origin and the corresponding decrease in soybean protein may have contributed to the depressed performance due to a marginal lysine deficiency. The estimated lysine value (0.94%) of DDGS used in the diet formulation was higher than the analyzed value (0.85%). The depressed performance observed at the higher inclusion levels was likely due to the overestimation of lysine in DDGS and decreases in the level of soybean protein, the main lysine source in the diet, resulting in a marginal lysine deficiency. At lower inclusion levels of DDGS, there appeared to be sufficient lysine from the soybean protein and thus no negative effect due to the overestimation of the lysine concentration was observed. A marginal lysine deficiency may also explain the growth depressing effect of DDGS in the more sensitive low-density diet fed in experiment 1. Our results seem to agree with those of Hughes and Hauge (1945) , who observed that when DDGS was used as the sole source of protein in a broiler diet there was a marginal deficiency of lysine, causing a slight decrease in performance. Waldroup et al. (1981) found that up to 25% DDGS could be used in broiler starter diets when the energy level was constant. In their study, the inclusion of 25% DDGS was substituted for both corn and SBM without lysine supplementation. Based on the results herein it would be expected Front half = the half of the carcass containing the breast, wings, and back (white meat).
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Back half = the half of the carcass containing the leg quarters joined at the lower back (dark meat). that a depression in performance would be observed with the higher incorporation levels of DDGS and no supplementation of lysine. However, this was not observed, which is likely due to a more accurate estimation of lysine concentration. Parsons and Baker (1983) reported that at least 20% of the dietary SBM could be replaced by DDGS in the absence of lysine supplementation, and up to 30% of the SBM could be replaced with DDGS in the presence of added lysine. Parsons and Baker (1983) also concluded that more than 25% DDGS could be used in broiler diets if lysine was added and dietary energy was sufficient to support optimum performance. In our study, diets were formulated for a constant energy level and the diets were supplemented with lysine to maintain a constant total lysine level across all dietary treatments. However, depressed performance was observed during the starter period with the inclusion of 18% DDGS. Diets used by Waldroup et al. (1981) had higher fat levels than the diets used herein (5.5 to 8.4 vs. 1.8 to 2.2%) and were formulated to a higher ME (3,200 vs. 3,030 kcal/kg). Thus, the fiber or energy contents of the diets may further explain the differences between maximal levels observed in studies. The diets used herein were formulated to be isonitrogenous, in contrast to those of Waldroup et al. (1981) , when the minimum protein level was 23% but was not kept constant and increased as the inclusion level of DDGS increased. This may be another explanation of differences between experiments.
At an early age, chick performance was depressed when the diet contained 18% DDGS. It appeared that the younger birds (up to 18 d) were less able to tolerate high levels of DDGS, but this was not of consequence during the grower and finisher stages. It appears that increased inclusion levels of DDGS resulted in a marginal lysine deficiency, which was most limiting when the birds were young and had the highest amino acid requirements. During the grower and finisher periods, no significant differences were observed at any level of inclusion, which suggested that once beyond the starter period chicks could efficiently use higher levels of DDGS. Distillers dried grains with solubles from modern ethanol plants have proven to be a highly acceptable feed ingredient in commercial broiler diets. A conservative maximum level of DDGS to use in the starter diets is 6% and it could be speculated based on previous research that levels of 9% and above could be used as long as the level does not exceed 12%. However, in the grower and finisher period it appears feasible to increase DDGS in the diet to 12 to 15%.
